Casting is a manufacturing process for making complex shapes of metal materials. Casting has two stages -filling process requiring a gating system and solidification process requiring a riser. The air in the mould cavity during casting is displaced through the riser by the molten metal in a very rapid manner necessitating the need to understand the air flow behaviour as it exit through the riser. The finite element method and the stream function model were used to analyze the axisymmetric flow of air through the top risers of casting. Results show that the velocity profile at any cross section is parabolic in shape with the maximum velocity at the centre. Comparing results with exact solution shows that the finite element result converged towards the exact solution.
A key element in producing quality castings is the proper design and sizing of the gating and riser systems. A foundry can produce the best quality moulds, cores and molten metal and still end up with a poor quality casting by using poorly designed gating and riser systems. The main objective of a gating system is to lead clean molten metal poured from ladle to the casting cavity, ensuring smooth, uniform and complete filling. [1] . A riser is a reservoir built into a metal casting mould to prevent cavities due to shrinkage, because metals are less dense as liquids than as solids (with some exceptions). This can leave a void, generally at the last point to solidify. Risers prevent this by providing molten metal at the point of likely shrinkage, so that the cavity forms in the riser, not the casting [2] . The riser apart from serving as a reservoir to compensate for shrinkage during solidification, also serve as a channel through which the air displaced as a result of filling the mould cavity with the molten metal goes out of the mould cavity [3] . Numerous efforts have been made by castings engineers and researchers on gating system design over the past few decades [4 -9] . Although there are general casting design rules and empirical equations for the gating ratio, pouring time, gating and riser system dimensions and optimization [5, 7] , consideration has not been given prior to now to the air flow behaviour in the casting mould. Hence this work focuses on the analysis of the air flow through the top risers of casting using the stream function model.
FINITE ELEMENT ANALYSIS 2.1 The Model Equation
The model equation is the stream function model of axisymmetric flow of air in casting mould [13] ( )
2.2Weak Formulation of the Model Equation
The weighted residual of equation (1) 
We integrated equation (5) by parts with respect to z and r using the basic relation
We Combined equations (7) and (8) using equation (3) to give the integration by parts.
The Finite Element Model
The finite element model of equation (9) is given in matrix form as equation (10):
Derivation of the Finite Element Interpolation
Functions The stream function model over the domain of interest is discretized into finite elements having M nodes, using suitable interpolation model for ψ (e) in element e as [11] :
The interpolation functions ( , ) are the same as those developed for linear rectangular elements, with x = r and y = z [13] . This will enable us to evaluate the 
We differentiated equations (20) with respect to r and z ( ) (11) as the sum of four basic matrices and using the interpolation function of (21) evaluated the several of each matrix using Figures 1a and 1b
Similarly we evaluated all elements of K 1 matrix
Similarly we evaluated all elements of K 2 matrix
Similarly we evaluated all elements of K 3 matrix Next we evaluated the matrix using equation (13) 
The velocity of the molten metal surface entering the riser (boundary ab) is U1= 1588.6288mm/s [3] and hence the vector will be nonzero only for elements 1 and 3 (Figure 1b ). These nonzero vectors can be computed as follows [12] :
Where Ωji denote the lengths of the edge z
2.6 Assembly of the System Matrix We assembled the system matrix using figure 1b and equation (10 
RESULTS AND DISCUSSION
Applying the boundary conditions with respect to figure 2 we obtained the following results as shown in 
